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Studies of Imidazole Compounds.

IV. Derivatives of 4-Ethylimidazole

By CHARLES F. HUEBNER, ROBERT A. TURNER aAND CAEsar R. Scrorz

In the first paper of this series certain deriva-
tives of 4-methylimidazole! were discussed; a
practicable synthesis of 4-(2-chloroethyl)-imi-
dazole hydrochloride (I)? was reported in a later
paper. Inthe present paper derivatives of 4-ethyl-
imidazole related to histamine and prepared from
I are described.

Several histamine derivatives bearing alkyl
substituents on the side chain nitrogen-atom have
been prepared, thus extending the work of Gar-
forth and Pyman® who described three lower
members of the series. The 4-(2-alkylamino-
ethyl)-imidazoles (II) were prepared by the addi-
tion of I to an excess of an amine in boiling an-
hydrous #-propanol. Some of the condensation
products could then be isolated as the dihydro-
chloride or dihydrobromide. Usually, however,
this procedure was not possible; instead, the
sitrupy dihydrochloride was converted into the
crystalline dipicrate, which after suitable puri-
fication was reconverted into the crystalline di-
hydrochloride.

Two substituted 4-ethyl-imidazoles containing
oxygen in the side chain (III) were synthesized
by reaction of I with a sodium phenolate.
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IIIb, Ar = B-naphthyl
A detailed report on the pharmacology of these
imidazoles will be published elsewhere. How-
ever, a few remarks in regard to their activity
may be in order. In group II, the larger the N-
alkyl substituent, the smaller is the histamine
activity as measured by the spasm produced on
the isolated guinea-pig ileum strip. Following
this generalization, the most potent derivatives
are 4-(2-dimethylaminoethyl)-imidazole (IIb) and
4-(2-ethylaminoethyl)-imidazole (IIc), each being
75% as active as histamine (IIa).* A compound
(1) Turner, Huebner and Scholz, THIS JoURNAL, 71, 2801 (1949).
(2) Turnes, sbid., T1, 8476 (1949).
(8) Garforth and Pyman, J. Chem. Soc., 489 (1935).

(4) Vartisinen, J. Pharm, and Exp. Thera., B4, 265 (1935), re-
ported theformer to be 20% and the Istter § % as potent ss histamine,

of intermediate activity is IId with 5%, of the ac-
tivity of histamine, whereas IIm, containing the
N-benzyl substituent, the largest in the series,
is totally inactive at the levels tested (200 times
the level at which histamine gave a standard
response). Moreover, an interesting example of
competitive inhibition is presented by IIm, since
it possesses weak but definite antihistaminic
activity [0.5% of the activity of N,N-dimethyl-N"-
benzyl- N’ - (2 - pyridyl) - ethylenediamine hydro-
chloride].

In the series containing an oxygen substituent
in the side chain, the pharmacological properties
of 4-[2-(2-naphthoxy)-ethyl}-imidazole (IIIb) are
worthy of note. It displays a high histamine-like
activity, 50% that of histamine, but unlike the
latter’s action the spasm produced on the ileum
strip is only momentary.
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Ezxperimental®

Physical and analytical data and the methods of prepa-
ration are summarized in Table I.

4-(2-Ethylaminoethyl) -imidazole Dihydrochloride (IIc).
Procedure A.—A solution of 3.5 g. of I?in 30 ml. of a 309,
ethanolic ethylamine solution was heated in a sealed tube
at 100° for fourteen hours. The product was treated with
a solution of 5 g. of sodium carbonate in 25 ml. of water
and concentrated iz vacuo. The residue was heated at
90° in vacuo for one hour and then digested with 50 ml. of
absolute ethanol and filtered. After several more diges-
tions the combined alcohol solutions were concentrated in
vacuo. The resulting brown sirup was acidified (congo
paper) with 1 IV hydrochloric acid and added with stirring
to a solution of 11.5 g. of picric acid in 150 ml. of water.
The crystalline picrate which formed on cooling was recrys-
tallized from water after a treatment with charcoal (Nu-
char); yield 8.0 g.; m. p. 185°, with loss of water of crys-
tallization at 104 °,

The picrate was converted into the hydrochloride by
treating it with 20 ml. of 5 V hydrochloric acid and remov-
ing the picric acid by repeated extractions with ether.
The aqueous layer was concentrated % vacuo to a sirup,
which after solution in hot methanol crystallized as plate-
lets on careful addition of methyl ethyl ketone; after an-
other crystallization the dihydrochloride weighed 1.5 g.,
m. p. 162-163°.

4-(2-Diethylaminoethyl)-imidazole Dihydrochloride.
Procedure B.—To a stirred solution of 13.4 g. of anhy-
drous diethylamine in 25 ml. of anhydrous #z-propanol,
boiling under reflux, was added a solution of 3.4 g. of I in
25 ml. of #n-propanol during one-half hour with exclusion of
moisture. After further boiling under reflux for six hours,
a solution of 5 g. of sodium carbonate in 25 ml. of water
was added and the crude, brown sirupy base isolated as de-
scribed above. It was treated with a 3 N solution of hy-
drogen chloride in absolute ethanol until strongly acid and
crystallization induced by the slow addition of dry ethyl
acetate. Recrystallization from dry ethanol-ethyl ace-
tate yielded 0.60 g. of the dihydrochloride, m. p. 219-220°.

(8) The microanalyses were carried out by Mr. Joseph Alicino,
Metuchen, N. J.
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TaBLre I
—r—CH,CH,R3
DERIVATIVES OF 4-ETHYL-IMIDAZOLE
HN N
A4
Analyses, Jp—————
M. p.,* Yield, Recrystn, Pro- Empirical Calculated Found
No. R? Salts °C. % solvent cedure formula C H C H
IIb —NMez Dihydrochloride 183-184" 25 Ethanol CiHyN-2HC1 39.63 7.12 39.95 7.18
Dipicrate 215° 40 Water A  CiHiNe»2CH;O0/Ns 38,19 3.22 38.01 3.25
IIc —NHEt Dihydrochloride 162-163¢ 35 Ethanol-acetone A  CiHpiN;-2HCL 39.63 7.12 39.55 7.20
Dipicrate (104) 185° 60 Water CrHusN32CeH;OrN: 38,19 3.22 37.93 3.00
I1d —NHPr Dihydrochloride 96-100 .50 Ethanol-butanone A CeHisNs2HCl 42.56 7.617 42,68 7.72
Dipicrate 185 Water CsHusN3-2CsH;01N;  39.27 3.47 39.18 3.50
ITe —NHCH(CHas): Dihydrochloride 195-196¢ 35 Ethanol-butanone A CsHusN:2HCl 42.56 7.61% 42.84 7.69
Dipicrate 175 Water .
1If —NEt; Dihydrochloride 219-220 15 Ethanol-ethyl B GCHuNs2HCl 45.00 7.97% 44.75 7.71
acetate
IIg —NPr: Dihydrochloride (Sirup)
Dipicrate 190 45 Water CuHaN2CH:0:N3 42,25 4,18 42.16 3.92
ITh CH;—CH, Dihydrochloride 276-278 55 Ethanol-butanone CuHuN#2HCl 47.60 7.83 47.46 7.24
/ N Dipicrate 188-191 Water CuHiyN32CeH:OrNs  41.44 3.64 41.72 3.91
—N CH:
\c /
H;—CH:
ITi /CH:—CH\z\
—N P Dihydrochloride 238-243 55 Ethanol-ether B CoIiIImé\IaOQHCl-l/z 41.04 6.92 41,26 6.41
N 2
CH;—CH;
I1j /Me
—N Dihydrobromide 178-179 20 Propanol C CuHuN#2HBr 41.40 5,08/ 41.26 4.83
N
CH:Ph
I1k /Et
—N Dihydrobromide 82-83 5 Ethanol-butanone C CusHpN32HBr 42.86 5.42 42,70 5.41
N
CHyPh
IIm —N(CH:Ph): Dihydrochloride 155-156 15 Propanol D CupHaNe2HCI3/,H:0 60,40 6.54 60.44 6.64
IITa —OPh Hydrochloride 136-137% 40 Ethanol-ether
Picrate 118-120' 60 Water E CuHpN:0-CsH:0:N; 48.91 3.63 49.05 3.67
IITb —O(2)CwHr 151-152
(free base) 25 Ethanol E CusHiON: 75.60 5.80 75.61 6.07

¢ Melting points are uncorrected and were taken in a capillary.
d Reported by Garforth and Pyman? as m. p. 169° cor.
Reported nt. p. 186° changing at 100° cor.

cor.
crystallization.

b Reported® m. p. 188° cor. ¢ Reported? m. p. 233°
¢ Change in crystalline form at 104° with loss of water of
f Anal. Caled.: Cl, 31.37. Found: Cl, 31.63. ¢ Since

the completion of this work, this compound has been synthesized by another method by Sheehan and Robinson, THis

JOURNAL, 71, 1436 (1949), who report a meltitig point of 197.5-199° cor.
Caled.: N, 17.50; Cl, 29.52. Found: N, 17.24;
I Reported m. p. 122° cor.

s Anal.
N, 11.03; Br, 42.17. * Reported m. p. 136-137° cor.
4-(2-Benzylmethylaminoethyl)-imidazole Dihydrobro-
mide. Procedure C.—The mixture resulting from the re-
action of 3.4 g. of I with 10.0 g. of benzylmethylamine, car-
ried out as described under procedure B, was concentrated
in vacuo. The residue was treated with 50 ml. of 109,
aqueous sodium carbonate and extracted with 100 ml. of
ether. The ether was removed and the resulting oil dis-
tilled at 15 mm. in a bath held at 140-150°. This served
to remove most of the benzylmethylamine. A solution of
the residue in 10 ml. of 489, hydrobromic acid was taken
to dryness i vacuo, then dissolved in a few ml. of hot abso-
lute ethanol. The crystalline dihydrobromide obtained
after several days in the cold was recrystallized from anhy-
drous n-propanol to yield 1.5 g., m. p. 178-179°.
4-(2-Dibenzylaminoethyl) -imidazole = Dihydrochloride
Procedure D.—The reaction mixture obtained from 3.4 g.
of I and 12.0 g. of dibenzylamine according to procedure
B was boiled under reflux for twenty-four hours. The
cooled solution ultimately deposited 6.2 g. of dibenzyl-
amine hydrochloride (m. p. 257-258°), which was filtered.
After evaporation of the filtrate to dryness, the residue
was digested briefly with 1.86 g. of sodium carbonate
in 30 ml. of water. Repeated extraction of the aqueous
suspension with petroleum ether removed dibenzylamine,
and the crude imidazole was extracted with diethyl ether.
Following distillation of the ether, the residue was dissolved
in 10 ml. of concentrated hydrochloric acid, evaporated to
dryness, and dissolved in 10 ml. of ethanol. When this

b Anal.
i Anal.

Caled.: C1,31.37. Found: Cl, 31.63.

Cl, 29.89. Caled.: N, 11.14; Br, 42.38. Found:

solution was left in the cold for several hours, it deposited
1.4 g. of dibenzylamine hydrochloride, which was filtered.
The evaporated filtrate was taken up in 5 ml. of hot anhy-
drous n-propanol. The solution yielded 1.5 g. of crude
4 - (2 - dibenzylaminoethyl) - imidazole dihydrochloride;
after two more recrystallizations 0.36 g. of the pure hydro-
chloride remained, m. p. 155-156°.

4-(2-Phenoxyethyl) -imidazole Dihydrochloride.- Pro-
cedure E.—To 3 solution of 2.8 g. of phenol in 23.0 ml. of
1.30 N methanolic sodium methoxide, boiling under reflux,
was slowly added a solution of 2.5 g. of I in 25 ml. of #-pro-
panol, After six hours the cooled reaction mixture was
treated with an excess of 3 NV hydrogen chloride in ethanol,
the precipitated sodium chloride was collected, and the
filtrate was taken to dryness in vacuo. The residue was
suspended in water and extracted several times with ether
toremove excess phenol. The agueous phase was added to
a boiling solution of 8.5 g. of picric acid in 130 ml. of water.
The picrate was filtered and recrystallized from water;
yield 4.2 g., m. p. 118-120°. The picrate was converted
into the hydrochloride by treating it with 12 NV hydrochloric
acid and extracting with ether in the usual manner. The
sirupy hydrochloride was recrystallized from absolute
ethanol-ether; m. p. 129-131°; yield 1.3 g.

Summary
A series of 4-(2-alkylaminoethyl)-imidazoles
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related to histamine and two 4-(2-aryloxyethyl)-
imidazoles have been prepared from 4-(2-chloro-
ethyl)-imidazole hydrochloride. A few of these
substances resembled histamine in their phar-

J. ROBERT RoacH aND HAROLD WITTCOFF

Vol. 71

macodynamic actions but all were less active.
Weak antihistaminic activity was shown by 4-(2-
dibenzylaminoethyl)-imidazole.

Svumwmrr, N. J. RecEIVED JUNE 18, 1949
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Polyglycerols. III.!

Synthesis of Triglycerol®

By J. ROBERT RoacH AND HAROLD WITTCOFF

The synthesis of a crystalline isomer of linear
triglycerol® is described in this paper.

Probably the first reference to triglycerol was
made by Lourenco* who reported it as a distillable
reaction product from the interaction of glycerol
and gaseous hydrogen chloride. Levene and
Walti® hydrolyzed the reaction products resulting
from the action of potassium acetate on epichloro-
hydrin to obtain several distillable products in-
cluding a small quantity of triglycerol (b. p. 200-
205° (0.1 mm.)). The same boiling range was re-
ported by Istin® who distilled triglycerol directly
from a polyglycerol mixture. Isolation of crude
triglycerol from a polyglycerol mixture by distilla-
tion of the acetates™® and the allyl ethers? has also
been reported. In none of this work has the crys-
talline pentahydric triglycerol been isolated.

The present synthesis involves the hydroxyla-
tion of O-a;a’-diallylglycerol® by action of either
performic acid or potassium permanganate. The
requisite diallylglycerol was prepared by the in-
teraction of allyl alcoliol and glycerol-«,a’-di-
chlorohydrin in the presence of sodium hydrox-
ide. The homogeneity of this product, on which
depends the linear structure of the triglycerol, fol-
lows from the oft-recorded observation that chlo-
rohydrins such as glycerol dichlorohydrin are de-
hydrobhalogenated in strong basic medium to
epoxides. These, in turn, react with alcohols to
yield ethers in which the ether linkage is primary.*
Furthermore, it was not possible by careful frac-
tional distillation to detect the presence of any
isomeric substance.

Since the triglycerol could not be readily dis-
tilled from the reaction mixtures in which it was
formed, acetonation was employed. On treat-

(1) Papeér 1T, THis JourNaL, T1, 2666 (1949).

(2y Paper No. 100, Journal Series, Research Laboratories, General
Mills, Itic,

(8) Por a discussion of nomenclature cf. H. Wittcoff, J. R. Roach
afid 8. B. Miller, Tu1s JournaL, 69, 2655 (1947), footnote 2.

(4) A.V.Lourerico, Ann. chim. phys., [3]1 67, 257 (1863).

(5) P. A, Levene aad A, Walti, J. Biol. Chem., 77, 685 (1928).

(6) M. Istifi, Ann. faculté sci. Marseille, 18, 5 (1940); C. A., 41,
2392 (1947).

(7y M. Rarngier, Compt. rend., 187, 345 (1928); C. A., 22, 4468
(1928).

(8) H.J. Wright and R. N. DuPuis, THis JOURNAL, 68, 446 (1946).

(9) N. Kishnet, J. Russ. Phys.-Chem. Soc., [1] 31 (1832); Beil-
stein, "Handbuch der organische Chemie,”” 4th ed., J. Springer, Ber-
lin, 1918, Vol. I, p. 513.

(10) A. Fairbourne, G, P. Gibson and D, W. Stephens, J. Chem.
Soc., 1965 (1932).

ment of the crude mixtures with acidic acetone,
there resulted a mixture of isopropylidenetriglyc-
erol and diisopropylidenetriglycerol which on
hydrolysis yielded the pure triglycerol.

Separation of isopropylidenetriglycerol and di-
isopropylidenetriglycerol was difficult. By care-
ful fractional distillation, however, samples which
analyzed properly were obtained.

The triglycerol obtained by hydrolysis of the
isopropylidene derivatives was probably a sirupy
mixture of stereoisomers. Crystallization from
anhydrous #-butanol of the product resulting from
performic acid hydroxylation yielded 25-33%, of a
crystalline isomer of melting point 98-99°. The
sirup from the mother liquor could not be induced
tocrystallize. Forlinear triglycerol there are theo-
retically possible a dl-mixture and two meso-
forms. The presence of isomers was perhaps indi-
cated by the fact that the sirupy triglycerol from
the performic acid hydroxylation demonstrated
proper elementary analyses. That permanganate
hydroxylation provided a different ratio of isomers
was inferred from the observation that the sirupy
triglycerol yielded, on crystallization, 50% of
crystalline isomer of identical melting point.

The solid triglycerol was converted to the
penta-(p-nitrobenzoate) derivative. Attempts to
prepare similar derivatives of the sirupy isomers
from which the crystalline triglycerol had been
removed led only to uncrystallizable oils.

Experimental

O-«,a’-Diallylglycerol.—Allyl alcohol (1161 g., 20
moles) was added, with stirring, to 509, aqueous sodium
hydroxide (880 g., 11 moles) whereupon the temperature
rose spontaneously to 52°. Glycerol dichlorohydrin (644.8
g., 5 moles) was added dropwise over a period of thrée and
one-fourth hours, while the temperature was maintained
at 70-80° by the exothermic reaction. Aftér completion
of the addition, stirring was continued at 70-80° for one
and one-fourth hours, whereupon the excess allyl alcohol
was removed by distillation ¢n vacuo. The product was
washed successively with water, dilute acetic acid, and
again with water until the washings were neutral. All
of the aqueous solutions were combined and extracted
with ether, after which the ether solution was washed with
water and was combined with the product. The mixture
was dried (sodium sulfate) and after removal of the ether,
the product was distilled through a 15-inch Vigreux col-
umn. No forerun was obtained. The material of con-
stant refractive index (n%p 1.4520, d%, 0.9810) distilled
at 112-113° (14 mm.) and weighed 524.4 g. (60.8%).
Redistillation at high reflux ratio through a 12-inch
column packed with stainless steel helices gave a series of



